###### Key messages

-   First study to investigate the driving performance in patients with interstitial lung disease.

-   Patients with chronic obstructive pulmonary disease with and without long-term oxygen therapy were included.

-   Driving simulator with automated registration of several measures of motor functions and cognitive abilities.

-   Crossover design to limit confounding on oxygen intervention.

Introduction {#s1}
============

Cognitive deficits caused by chronic obstructive pulmonary disease (COPD) are well described, and hypoxaemia is known to cause cognitive impairment. Up to 77% of patients with hypoxaemic COPD have cognitive deficits, and especially perceptual-motor integration is affected. Simple motor tasks such as speed, strength and coordination are also affected.[@R1] Patients with non-hypoxaemic COPD also have decreased cognitive functions.[@R4] [@R5] The cognitive functions of patients with interstitial lung disease (ILD) are not well described. So far only a single study of patients with sarcoidosis showing cognitive dysfunction has been reported.[@R6]

Driving a car is a complex process requiring integration of a series of cognitive functions, including perception, attention, motor integration, reaction time and coordination. These are exactly the cognitive functions affected by hypoxaemia. Only two former studies have focused on driving capabilities in patients with COPD; to our knowledge, no studies have been made in patients with ILD. Patients with COPD performed significantly worse during a driving simulation compared to healthy controls,[@R7] and acute oxygen supply showed no effect on short-term driving performance in these patients.[@R8] The number and life expectancy of patients with COPD will increase in the future.[@R9] This may send more and maybe more disabled patients on the roads. The Danish Health and Medicines Authority demands that patients receiving long-term oxygen therapy (LTOT) use a portable oxygen supply when driving, despite poor evidence to support this.

The current study was conducted to determine driving performance during a longer period of time in patients with COPD and ILD, respectively compared to healthy controls using a driving simulator. Additionally, the study investigated the effect of oxygen supply on driving capability.

Material and methods {#s2}
====================

Patients were recruited from a university hospital department (Aarhus, Denmark). In order to be included the patients had to be 18--65 years and have a diagnosis of either COPD or ILD. The patients were included continuously until the required numbers had been obtained in each group according to the power calculation (see 'Statistics'). The patients were divided into three groups: Eight patients with COPD, forced expiratory volume in 1 sec (FEV~1~) \<50% of expected value, receiving LTOT.Eight patients with COPD, FEV~1~ \<50% of expected value, *not* receiving LTOT.Eight patients with ILD (consisting of idiopathic interstitial pneumonias), diffusion capacity of the lung for carbon monoxide (DLCO) \<50% of expected value, *not* receiving LTOT.

Patients with COPD had to be in a stable phase of their disease to participate. Patients with other conditions affecting their cognitive function or preventing them from operating the driving simulator were excluded.

Arterial oxygen tension (PaO~2~) had to be \<7.3 kPa in a stable phase of the patient\'s disease to receive LTOT while receiving optimal medical treatment. PaO~2~ \<8.0 kPa was required to receive LTOT, if the patient had cor pulmonale, chronic heart failure or haematocrit level \>0.55. No patients suffered from severe hypercapnia (all patients had an arterial carbon dioxide tension (PaCO~2~) \<7,0 kPa).

Eight healthy controls without pulmonary disease were recruited from the same geographical area and were matched to the patients on age and gender. An equal number of men and women were recruited in all groups. All participants were current drivers.

The study was approved by the Danish Data Protection Agency and the Central Denmark Region Committee of Biomedical and Research Ethics. The participants gave written and informed consent before participating in the study. Participants were informed that all results were confidential and had no legal impact or influence on retaining their driving license.

Driving simulator {#s2a}
-----------------

A driving simulator was used to compare driving performance of patients with COPD or ILD versus controls and to measure the effect of oxygen supply in patients with COPD and ILD, respectively. The driving simulator was computer-based and developed by Land and Horwood.[@R10] The screen showed a road ending in the horizon in a night setting. A steering wheel was used to keep the car in the centre of the winding road. At the same time the participants had to look to the edges of the screen where a random series of numbers (0--9) changed. Each time the number '2' occurred, they had to press a button on the steering wheel in order to measure divided attention and reaction time. The same simulation setting was used in all tests. The participants had a 5 min test drive to get familiar with the simulator. Each test lasted 45 min.

In the oxygen intervention part of the study, a crossover study design was used; thus the patients with COPD or ILD were tested both with and without oxygen supply and acted as their own controls in this part of the study. The patients were randomised to receive oxygen supply in the first or second test. Before the test there was a 30 min wash-in or wash-out period before or after the oxygen supply. The patients receiving LTOT received their normal flow of oxygen; other patients received 2 L/min. Oxygen saturation was measured to ensure a saturation of at least 92% during the test. The controls were only tested once without oxygen supply.

Outcome parameters of the tests were SD from the centre of the road, number of off-road events per hour, number of failing to press the button at the occurrence of number '2' and average response time to the occurrence of number '2' in seconds.

Statistics {#s2b}
----------

Differences in outcome parameters between patient groups and controls and differences in outcome parameters within patient groups with and without oxygen supply were calculated as medians with IQRs and tested, using the Mann-Whitney\'s U-test, as data were not normally distributed. Furthermore, all patient groups were compared with each other without oxygen supply on all outcome parameters, using one-way analysis of variance on ranks (Kruskal-Wallis) and Tukey's test, to identify significantly different means. Results were reported as median values and IQRs. Two-tailed p values \<0.05 were considered statistically significant. Based on power calculations, we included eight patients in each group (presumed mean group difference of 2.0 in SD, of 0.81 α=0.05 β=0.1). Power calculations were based on preliminary data using the same methods as described above. The analyses were conducted using statistical software package Sigmaplot V.11.0 (Systat Software, Inc, San Jose, USA).

Results {#s3}
=======

Twenty-four patients with chronic lung diseases were enrolled in the study. We included eight patients with COPD receiving LTOT, eight patients with COPD not receiving LTOT and eight patients with ILD not receiving LTOT. In the control group eight healthy subjects were enrolled. Gender distribution was similar in all four groups ([table 1](#BMJRESP2015000092TB1){ref-type="table"}). One patient with ILD was excluded from the study, as he was not able to operate the driving simulator. He was replaced by another patient with ILD complying with the inclusion criteria.

###### 

Data of the participants

                  Age (median), years   Male/female   FEV~1~ (% of expected value)   FVC (% of expected value)   DLCO, % of expected value
  --------------- --------------------- ------------- ------------------------------ --------------------------- ---------------------------
  COPD, LTOT      58--64 (63.5)         4/4           0,52--1,69 l (17--49)          1,33--2,22 l (34--55)       --
  COPD, no LTOT   51--64 (60.0)         4/4           0,38--1,30 l (14--47)          0,80--2,81 l (24--57)       --
  ILD             39--60 (51.0)         4/4           1,24--2,41 l (47--84)          1,69--4,34 l (54--97)       38--47
  Controls        44--61 (55.0)         4/4           --                             --                          --

COPD, chronic obstructive pulmonary disease; DLCO, diffusion capacity of the lung for carbon monoxide; FEV~1~, forced expiratory volume in 1 sec; FVC, forced vital capacity; ILD, interstitial lung disease; LTOT, long-term oxygen therapy.

The group of patients with COPD receiving LTOT had significantly impaired driving skills when comparing SD and off-road events to controls. Furthermore, these patients performed worse than the patients with COPD not receiving LTOT as measured by SD and worse than the patients with ILD as measured by SD and off-road events. The patients with COPD not receiving LTOT also had significantly impaired driving skills when comparing SD and off-road events to controls. The reaction times and non-response rates of the two groups of patients with COPD were not significantly different compared to the controls. There was no significant difference in driving performance between patients with ILD and controls in any of the outcome parameters. No differences were found when comparing reaction times and non-response between any of the patient groups ([table 2](#BMJRESP2015000092TB2){ref-type="table"}, [figure 1](#BMJRESP2015000092F1){ref-type="fig"}). There was no significant difference in any of the analysed outcome parameters when comparing patients within the same group with versus without oxygen supply ([table 3](#BMJRESP2015000092TB3){ref-type="table"}).

###### 

Results reported as median values (IQRs)

  Outcome parameters               COPD                          ILD                        Controls               
  -------------------------------- ----------------------------- -------------------------- ---------------------- ---------------------
  SD from the centre of the road   2.39 (1.93--2.89) \#\*        0.69 (0.49--0.87) \#       0.37 (0.31--0.41)      0.36 (0.30--0.43)
  Off-road events (no)             226.67 (129.72--481.29) \#†   78.92 (33.72--102.92) \#   40.00 (18.00--47.34)   25.78 (2.67--64.67)
  Non-response (seconds)           3.0 (0.0--13.0)               1.5 (1.0--2.5)             1.0 (0.0--2.0)         2.0 (0.0--5.0)
  Response time (seconds)          3.19 (2.72--5.28)             2.55 (2.47--2.95)          3.09 (2.59--4.61)      3.73 (2.49--4.59)

\#p\<0.05 compared to controls, \*p\<0.05 compared to patients with COPD not receiving LTOT and ILD without oxygen supply, †p\<0.05 compared to ILD without oxygen supply.

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; LTOT, long-term oxygen therapy.

###### 

Results reported as median values (IQRs)

  Outcome parameters               COPD                      ILD                                                                                             
  -------------------------------- ------------------------- ------------------------- ----------------------- ---------------------- ---------------------- ----------------------
  SD from the centre of the road   2.39 (1.93--2.89)         1.92 (1.67--2.68)         0.69 (0.49--0.87)       0.71 (0.36--0.80)      0.37 (0.31--0.41)      0.34 (0.31--1.83)
  Off-road events (no)             226.67 (129.72--481.29)   230.62 (171.67--487.00)   78.92 (33.72--102.92)   37.51 (29.34--62.17)   40.00 (18.00--47.34)   36.67 (13.34--56.73)
  Non-response (seconds)           3.0 (0.0--13.0)           2.0 (1.0--3.5)            1.5 (1.0--2.5)          1.0 (0.0--2.0)         1.0 (0.0--2.0)         1.0 (0.0--1.5)
  Response time (seconds)          3.19 (2.72--5.28)         3.27 (2.84--4.65)         2.55 (2.47--2.95)       2.72 (2.27--3.00)      3.09 (2.59--4.61)      2.70 (2.21--3.49)

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; LTOT, long-term oxygen therapy.

![1. Controls; 2. LTOT COPD without oxygen; 3. LTOT COPD with oxygen; 4. No LTOT COPD without oxygen; 5. No LTOT COPD with oxygen; 6. ILD without oxygen; 7.ILD with oxygen. Bars depict mean values, error bars IQR. COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; LTOT, long-term oxygen supply.](bmjresp2015000092f01){#BMJRESP2015000092F1}

Discussion {#s4}
==========

The current study demonstrated a decreased driving performance by the patients with COPD; patients with ILD performed similarly to controls on all parameters. Both groups of patients with COPD regardless of whether they received LTOT or not performed worse than controls in terms of SD and off-road events; patients with COPD receiving LTOT also performed worse than those not receiving LTOT when comparing SD and worse than the patients with ILD when comparing SD and off-road events.

These results corresponds to some of the results from a study performed by Orth *et al*.[@R7] They compared 17 patients with non-hypoxaemic COPD and 10 healthy controls in a driving simulator for 60 min, measuring concentration faults and accident frequency. There were no differences in concentration deficits, but patients with COPD had a higher accident frequency than controls. There was no correlation between lung function, disease severity, sleep architecture or nocturnal ventilation and driving performance. In concordance with the present study, Orth *et al* found decreased driving performance in patients with COPD but on different parameters. The driving simulator used by Orth *et al* registered only accidents, for example, crashes with other cars and some concentration faults, but SD, off-road events and other concentration faults were registered manually by a technician observing the subject. Thus, results were based on a more subjective measures compared to the present study. The patients with COPD tested by Orth *et al* caused more accidents, whereas there were no differences in non-responses and reaction time between COPD and controls in the present study. This may be explained by the decreased capabilities of steering the simulator among the patients with COPD; they might react fast enough, but their decreased perception-motor integration made them unable to steer the car around the obstacles in front of them. Orth *et al* found no correlation between disease severity and driving performance whereas the present study found decreased performance among the patients with COPD receiving LTOT compared to those not receiving LTOT on some parameters. LTOT is not mentioned by Orth *et al* and it is unknown whether any of the patients included in their study received LTOT.

This study did not show any effect of oxygen supply on improvement in performance in the driving simulator. These results corroborate findings by Pretto JJ and McDonald CF,[@R8] who found no effect of acute oxygen supply on cognitive and driving performance in 30 patients with hypoxaemic COPD. They performed a 20 min driving simulation and a 10 min psychomotor vigilance task on a group of patients with COPD of whom 21 of 30 received LTOT. The patients were tested while receiving intranasal air or oxygen, and they found no effect of the acute oxygen supply compared to air. They did not distinguish between patients with or without LTOT and the driving simulation event was considerably shorter than the 45 min simulation of the current study. Even though patients in the current study were divided into separate groups, and patients with COPD receiving LTOT were deprived of their regular oxygen supply during one of the test drives, and even though the length of the driving simulation events were longer, we did not demonstrate any effect of the oxygen supply.

Another study on the effect of oxygen supply compared to breathing room air did not shown any effect. Wilson *et al*[@R11] tested 10 patients with hypoxaemic COPD receiving LTOT breathing either oxygen (to achieve Sa0~2~ \>90%) or room air and examined speed of information processing, ability to detect correct sequence of tones, serial memory, critical flicker fusion and story recall. Receiving acute oxygen supply did not significantly affect the outcomes.

The effect of oxygen supply to healthy subjects to reduce fatigue and increase reaction time has been examined by Sung *et al*[@R12]. 10 male subjects received increasing amounts of oxygen (18--30%) in a driving simulator. Their subjective feeling of fatigue was measured as well as their reaction time, when they were asked to break suddenly after 2 h of driving. Both outcomes were decreased with higher amounts of oxygen. The study design was based on a subjective feeling of fatigue and the driving simulator was not used to assess driving performance during the test. Thus, results are difficult to apply to real life situations.

A study conducted by Karakontaki *et al*[@R13] showed that patients with even mildly hypoxaemic COPD had decreased cognitive skills. They compared 35 patients with COPD and mild hypoxaemia (PaO~2~ \>55 mm Hg) to 10 healthy controls in an attention/alertness battery of tests used to evaluate driving performance. The patients performed significantly worse than controls, and both FEV~1~ and PaO~2~ were correlated to the decreased cognitive skills.

This leads to speculations whether hypoxaemia is the cause of impaired cognitive function in patients with COPD. Grant *et al*[@R1] found a significant, but weak correlation between PaO~2~ and cognitive performance (r approximately 0.2) in a study of 203 patients with hypoxaemic COPD. Fix *et al*[@R2] showed a small, but significant reduction in cognitive skills in 66 patients with COPD, and that impairment was correlated to PaO~2~. Hypoxaemia can as such explain some, but not all cognitive deficits in patients with COPD. Other causes of cognitive impairment have been proposed. Comorbidities such as vascular disease are present in up to 50% of patients with COPD,[@R14] and vascular risk factors are known to cause decreased cognitive performance.[@R15] Cognitive impairment in patients with COPD is different from patients with multi-infarct dementia.[@R16] Increased PaCO~2~ may cause cognitive impairment. Some studies have shown a correlation between PaCO~2~ and cognitive function,[@R16] whereas others were unable to find such a correlation.[@R2] [@R19] The causes of cognitive deficits in COPD patients are multiple.

The patients with ILD in the current study performed similarly to the controls on all parameters. The patients with COPD receiving LTOT had significantly decreased driving performance compared to patients with ILD when comparing SD and off-road events. ILD does apparently not affect cogntive performance in the same manner as COPD. This also indicates that hypoxaemia is not the only cause of cognitive deficits in patients with COPD. Differences between the two groups of patients in terms of comorbidities, social status and other factors affecting cognitive functions may influence their driving performance, but these are not addressed in the current study.

Elfferich *et al*[@R6] found cognitive impairment in 343 patients with sarcoidosis compared to healthy controls using a self-reported questionnaire. The questionnaire included attention, perception, memory and motor functioning in everyday life; some of the same cognitive functions are used for driving. The results are different from the current study, but this may be explained by the differences in a subjective measure of cognitive impairments in everyday life compared to the objective measures of using a driving simulator. Another difference is that the current study included patients with sarcoidosis as well as other ILDs. The cognitive performance of patients with ILD is still an area of research and more evidence is warranted.

The strengths of the study are the crossover design in the oxygen intervention part of the study to limit confounding as patients acted as their own controls. Information bias was limited by using a driving simulator with automatic registration of driving performance. Confounding due to sex differences was reduced by the equal number of men and women in all groups. Selection of participants from the hospital department could introduce selection bias, but inclusion of both patients with COPD with and without LTOT represented different severities of the disease. A limitation of this study was the difference in age among the groups. As cognitive impairment may increase with age, this may in part confound our results. Both the patients with ILD and the controls were younger than the patients with COPD, and this may in part explain why they performed better than the patients with COPD. The level of education of the patients and controls was not evaluated, and this may also have confounded the results. Level of education may affect cognitive performance, but we assume that using a driving simulator is not significantly affected by differences in level of education. This study has included a small number of patients with COPD and ILD, respectively, and as such the patients included may not be completely representative of all patients with these diseases. Larger studies should be conducted in order to support our findings.

We conclude that patients with ILD perform similarly to controls in the driving simulator, whereas patients with COPD showed decreased driving performance, especially those receiving LTOT. Doctors should be aware of this when renewing the driving license of patients with COPD. The supply of oxygen showed no effect on driving performance. As hypoxaemia may be a cause of cognitive impairment, we still recommend that patients receiving LTOT receive oxygen supply while driving.
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